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Problems of the chemical ccposition of high-velocity stare have been

studied by a number of investigators in recent years. Chamberlain and

Aller (1) made a quntitatiurb analysis of the atmospheres of two high-

velocity F-type subdwarfs using spectra of mderate dispersion and showed

that the abundances of calcium and iron relative to that of hydrogen are

much smaller in these stars than in population I main-sequence stars.

In continuation of earlier work by Adams and Joy (2), Mrgan and Keenan

(3) and Kuiper (4), Miss Roman (5) showed that there exists within 200 pc a

group of F stars with very high spatial velocities and spectra indicating

relatively very low metal content. The two stars studied by Chamberlain and

Aller belong to the group. On the basis of UBV photometry, Miss Roman showed

that the stars in this group have an ultraviolet excess 6 (U-B) of about 0.2.

Wallerstein (6) has detervined abundances of metals relative to hydrogen

for a number of main-sequence G stars using moderate dispersion. The expected

close correlation between the metal-hydrogen ratio and the ultraviolet excess

S(U-B) was confirmed., and 4 calibration of S (U-B) in terms of the Fe/H ratio

was obtained from a material consisting of 34 stars.

Wallersteln investigated the relation between the Fe/H ratio and the space

velocity components for the stars in question and showed that there is a close

correlation between the Fe/H ratio and the dispersion of the velocity component
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W perpendicular to the galactic plane. As expecte'!, the dispersion increases

with diminishing F/H ratio.

The Catalogue of High-Velocity stars by Miss Roman (7) contains spectral

classification on the HK system, UBV photometry and space velocity components

for 571 stars. Using this material, Miss Roman noticed the correlation

betveen ultraviolet excess S (U-B) and space velocity. In view of the close

correlation between 8 (U-B) and the Fe/H ratio established by Wallerstein, this

means that there is also in this larger material a pronounced correlation

between chemical composition and space velocity.

The correlation of chemical composition and space motion of red giant

stars has been investigated by a number of astronomers following the work of

Keenan and Keller (8), M. and B. Schvarzachild (9) and Schwarzschild, Spitzer

and Wildt (10). In the present investigation the discussion is limited to

main-sequence stars of spectral classes F and G.

The principal features of the kinematics of the group of high-velocity

stars were reorganized in the early work of Oort (11), (12), and (13). The studies

were continued by Miozaika (14) and Fricke (15) on tne basis of a larger saterial.

Within the group of high-velocity stars the dispersion in W increases with the
space velocity. For space velocities in the range 63-100 km/sec the value of

1w is moderate and the majority of these stars move within the galactic disc.

For space velocities larger than 150 km/sec IWI is much higher and the stars in

question are properly classified as halo stars.

In a recent investigation Eggen, Lynden-Bell and Sandage (16) have analyzed

the correlations between the ultraviolet excess S (U-B) and space notion on the

basis of a material consisting of 221 dwarf stars. Data from two catalogues

by Eggen (17) and (18) were used. The second catalogue contains all the stars

for which -presently available data indicate a space velocity greater than
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100 ka/sec. As a result of the investigation the correlation between

and 6(U-B) is confirmed. A pronounced correlation between the velocity

component in the direction of galactic rotation and S(U-B) is also found,

th' stars with high S (U-B) shoving the greatest rotational lag, as expected,

Finally the orbital eccentricity defined in terms of the largest and smallest

orbital distance from the galactic center is shown to be atrongly correlated

with 9(U-B), the stars with the largest ultraviolet excess meving in orbits

of large eccentricity.

For main-sequenc( stars with B-V larger than +0.75 the evolutionary

effects upon effective temperature and luminosity are small, and these stars

can be described to a good approximation in terms of two basic parameters, the

mass and the metal-hydrogen ratio. Mhis means that as long as interstellar

reddening is unl~portant, two-dimensional photometric classification is

adequate. For the color index range B-V 0-.'75 and - e.90 the ultraviolet ecess

is a good indicator of chemical composition and UBV photometry serves the

purpose of classification very well.

However, for main-sequence stars with B-V smaller than +0.70 the

evoluiionary effects are quite appreciable, and description in terms of three

basic parameters - uass, metal-hydrogen ratio and age -- is desirable. Three-

dimensional classification systems have therefore been developed for use in this

part of the Hertzaprung-Russell diagram.

It has been shown by the author (B. Str&wren (19), see also (20) ) that a

system of photoelectric photometry utilizing bands of intermediate width yields

satisfactory three-dimensional classification for unreddened main-sequence

stars in the spectral range A2 - G2. We refer to this system as photoelectric

uvby photometry. The centr ._-lengths of the bands u, v, b and y are at

3500, 4lo, 467o and 5470 A, respectively, vhile the bandwidths are 300, 190,

180 and 230 A. From the magnitudes measured in these four bands, a color index



b- yand two color ii dex differences C1  (u- v) - - b) and_ = (Y- b)

- (b - y) are formed. Fy'm b - y and a linear combination of c1 and it the

absolute magnitude can be determined for main-sequence A2 - G2 stars with

a probable error of +0Pl to 4Q!2 according to the spectral class. The metal

index it is sensitive to the atmospheric netal-to-hydrogen abundance ratio.

Flor member stare of the Hyades cluster., a standard relation ný (b - Y)

bewe the metal indext and the color index has been established. The quantity

am, defined. as

A~l~u.L(b -y)-.

indicates the difference in metal to hydrogen ratio of the star in question in

comparison with the Hyades cluster members. A positive 4 a, means that the

metal content is low relative to that of the Hyades stars.

For the main-sequence Fl-G2 stars investigated by Wallerstein (6) there is

a close correlation between An, and the Fe/H ratio. Fo]lowing Wallerstein we

define (laburdane of Fe abundance of Fe
= ~ og \abundance of H star = log abundance of H am

It has been found (cf. (20) ) that the Wallerst.ein (Fe/H) values for main-sequence

stars around spectral class GO are well represented by a linear relation

and that (Fe/H) can be predicted from Anm with an accuracy of about 0.1 (p.e.)

for the category of stars in question.

The dependence of the relation between (:ie/H) and An1 upon absolute magnitude

(within about 1.5 meg. of the zero-age line) has been investigated on the basis

of (Fe/H) values by Wauerstein and values of b - y, m_ and c1 (as defined in

(19) ) available for 23 stars. The dependence is not pronounced; the result of

this preliminary investigation i•:
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R =.o. 3 -A. a + 1-(Am +AC)

where 4i + Ac1 to a good approximation is proportional to the deviation of

the absolute magnitu&e from the zero-age value corresponding to b - y. The

co.tficient of A ml + A cl is not very well determined from the present material.

However, in the following application of the metal-index method to high-velocity

stars we limit ourselves to stars with jAm +Al cI 0, i.e., to stars roughly

within 1.5 Nag of the zero-age line. Consequently the present uncertainty in

the detemination of the absolute-magnitude effect in the [Fe/H] - a relation

should not lead to appreciable errors.

Ultimately the calibration of &m 1 in terms of CFe/HJohould, of course,

allow for both a b - y and a A c dependence. For this purpose a larger1

material of spectroscopically determined [Fe/HJ - values is desirable.

Photoelectric uvby photometry has been obtained by B. Strmgren and

C. Perry (21) for 1217 A2 - G2 stars brighter than Yv4isl magnitude V^ and

nearly all between declinations -i 0o and +650. An extension of this photcmetry

for F5 - G2 stars to the limit V=7.3 is in progress, and for FO - G2 stars a

further extension to V=8.3 is planned.

Since 'the results of the photometric surveys mentioned will not be

available fir some time, it seemed of interest to carry out a program of

photoelectric uvby photometry of known high-velocity stars brighter than V- .

The observing list included the F and G type stars with B-VS d. -m in Miss

Pawn's Catalogue of High-Velocity Stars for which V < 5 and the declination

is between -100 and +650. Visual binaries with a separation of less than 15'

were e•l•ded unless the components are nearly equal in magnitude or differ by

more than 5 magnitudes. A few high-velocity stars fainter than V- that

were of special interest were included in the program.

The photoelectric uvby photometry was carried out with the 36-inch reflector
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of the Kitt Peak National Observatory. During three observing periods (May -

June 1962, September 1963 and January 1961) I obtained photoelectric uvby

photometry for 108 high-velocity program stars during parts of 11 nightd. 'It

least 2 observations (each consisting of two sets of filter measures) are

available for all program stars, and for the great majority of the stars the

number of observations is 3 or more. The average internal errors of the

resulting inducer b - y, ml and c1 are +oo3, _. , and , respectively.

The probable error of Am , depends upon b - y and averages +.0O04. A catalogue

of the observed values of b - y, m1 and c1 will be published separately.

For the purpose of a statistical discussion of the A m1 -values, stars

with b - Y > Oa 0.35, or _ .Ac: > 0'mI O were excluded, as were a fei program

stars fainter than V-8!5. Also excluded were a mmber of program stars that

turned out to have space velocities below 63 km/sec. There remained 71 stars.

Table 1 gives the values of A m1 obtained from the photoelectric uvby photometry

for these stars; the first column in Table 1 indicates the number of the star in

Mess Roman's Catalogue ox High-Velocity Stars

Tatle 1

Roman in- ts Roman in ts Roman in ujits Roman in uits
No. Of 0.001 NO. of ý0.0o NO. of 0.001 No. of 05 0

19 +19 174 + 52 305 +19 522 +67
30 +59 178 +137 362 +15. 536 +40

145 +16 200 + 2 376 +61 543 +46
4i9 +32 212 +3 379 +19 548 +33
55 +47 223 +le 394 +57 549 +441

57 +16 229 +12i", 397 .+41 560 +55
59 +20 232 + 11) 415 +57 561 +23
65 +40 235 + h5 416 +61 564 +65
69 +35 236 + h? 4117 +61 568 +41
72 + 9 243 + 46 419 +73 570 +78
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Table 1 continued

on in uitB Roman in uiits Roman in u•its Roman in wits

No. or 0.o00i No. of 01.001 No. of 0.10oi No.- of 0~'.001

73 +132 252 +100 422 +60 571 +72
81 + 52 266 + 35 427 +50
84 + 74 280 + 18 435 +64
85 + 47 282 + 33 451 -l1

107 + 39 285 + 46 456 +59
109 + 35 288 + 76 467 +51

111 + 38 291 +69 476 +67
120 + 17 295 + 58 493 +94
179 + 84 296 + 70 504 +79
171 +34 28 +551 9

Table 2 shows the distribution of the 71 stars according to Am1 .

Table 2

Number A•21 Number
iniuitsof of in iPts of of

01001 Stars 0.001 Stars

-3 to- 1 +39to+41 5
0 +2 1 42 44 2

+ 3 5 1 45 47 6
6 8 0 48 50 2
9 11 1 51 53 2
12 14 0 54 56 1
15 17 5 57 59 5
18 20 6. 60 62 2
21 23 1 63 65 4
24 26 0 66 68 2
27 29 0 69 73- 2
30 32 2 72 74 3
33 35 6 75 77 1

+36 +38 1 +78 +80 2
> 480 7
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The distribution of the m1 - values shows a gap above A/m = Or.C23.

Although the sample is not large enough that the reality of the gap can be

regarded as established, it is natural to subdivide the material for study

of the kinematical properties of the stars in such a way that the stars with

a 1 0.023 form one group. A second group was defined by the Am, - limits

A.30 - e.044. The choice of the upper limit was here guided by the fact that

a study based on the catalogue of photoelectric uvby photometry of 1217 stars

brighter than V - OP65 had chown that A ml>OCF04 4 for all catalogue stars with

the velocity component perpendicular to the galactic plane IWI numerically larger

than 40 km/sec. It is clear that the observational errors will influence the

group subdivision in this case. Three further groups were defined by the d ALI "

Soo 056, ?.05 80, and o.l-odoO,.

For the stars in the first two groups mentioned, absolute magnitudes M.

were determined from the observed values of the indices b - y, ml, and c1

according to a slightly revised version of the calibration given in (19).

Photometric parallaxes were found from V - M, and weighted means of the photo-

metric and trigonometric parallaxes were used for the determination of the space-

velocity components in the galactic co-ordinate system. The proper motion data

given in Eggen's Catalogue (17) of space-velocity vectors for 315 stars were

utilized when available.

For the stars with AR1 0.e045., the space-velocity components given in

Miss Roman's Catalogue of Nigh-Velocity Stars were adopted, pending a re-calibration

of the indices b - y. m and cl in terms of M. for this group of stars. I

The space-velocity components as used here are defined as follows: U is the

component in the direction of the galactic center, V the component in the

direction of galactic rotation and W the component in the direction of the north

galactic pole. The velocity components are relative to the local centroid; the 4
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reduction for solar motion .a- applied in accordance with the values given by

Woolley (22), i.e., + -., +17, +7 km/sec for our choice of co-ordinate system.

Table 3 co-z ýins the following information regarding the high-velocity stars

in the five &31 - groups defined above: 1. The number of stars in the group.

2. The aver ge value, without regard to sign of U. 3. The average value of V.

4. 71- averge value, viithout regard to sign of W. 5. The average value of

S( :) a:ordit•; to the values ,.f B - V and U - B given in Miss Roman's

Catalok

Table3

Number of st~rsl jul V jWJ (UB

A<oo23 16 82 -12 16 +.0o

0.030 - 0.0o44 i 80 -41 2U +0.07

0.045 - 0.056 3 60 -77 42 +0.10

0. 057 - 0. 080 21 78 -8o 43 +0. 12
> 0.080 7 81 -192 49 +0.20

Although the individual accuracy of the S(U - B) - values is low caempred

to that of the A m, - values, even considering the more favorable scale, it is

of interest to compare the average values of .4 a1 and S (U - B) for the five

groups, and to note that they show the expected correlation.

The IWI - values and the values of the rotational lag, i.e. -

increase with Aim1 as expected.

We wish to stress the fact that the group of high-velocity stars with A 1l

<.0 has a typical of the ordinary (i.e., non-high velocity) main sequence

stars in the same spectral range. Also, the rotational lag is small. This group

of high-velocity stars belongs to the disc population.

For the second group of stars, the IWI - val-ae is slightly higher vhil.- the
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rotational lag is appreciably larger.

The kinematical properties of the third and the fourth group are nearly

,;he same, as far as it can be judged from the swall samples in question. In

both grouk.s the TIW - value is so high that these groups belong to the halo-star

category; the rotational lag is appreciable. The fifth group, consisting of

stars with very low metal content, stands out through the large value of the

rarationml lag.

In connection with the results contained in Table 3, reference is made to

the concept developed by B. Lindblad ( (23) and (24), see also (25) ) of sub-

systems in the galaxy for which the rotational velocity increases as the

flattening becomes more pronouncel.

Both the first and the second group represented in Table 3 appear to belong

to the category of disc high-velocity stars. However, in this investigation we

shall not discuss the properties of the second group further; the difficulties in

connection vth the separation of groups 2 ai 3 have already been referred to.

We turn our attention to the group r.,f disc high-velocity stars with

A • �' 0' 23. Table 14 contains the following data for the 16 stars in this

group: The apparent visual magnitude V, the absolute visual magnitude MH,

as determined frb the photoelectric uvby photometry; further, the observed values

of the indices b - y., a, avd cI , as well as A a, and P c!, , and the number n of

photometric observations; finaly, the velocity components U, V and V relative

to the local centroid. The notation SSP mans that the star is a standard star

in the Strrený-Perry photometric catalogue of 1217 stars (21).
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The average values of A•m 1 and A cI for the group considered are +0e.(14

and +e.029. iLccoriiug to the calibration referred to above, the corresponding

value of the logarithm of the iron-to-hydrogen ratio is 0.14 smaller than for
the Hyades member stars. Referring to Wallerstein's discussion ( (6), see also

(20) ) there is some uncertainty with regard to the value of the logarithm of

the iron-to-hydrogen ratio of the sun as compared to the Hyades stars. A com-

promise value of -0.2 is probably correct within about 0.1, and we see that the

average iron-to-hydrogen ratio for the group of high-velocity stars under con-

sideration is quite close to the solar value.

If the value of U and V for the stars in Table 4 are plotted in the U-V
1r

plane, it is seen that the two quadrants between directions 450 and 1350,

an 25 0 and 3150, respectively, co~atain no stars., i.e. ktI>Iv for all

stars in the group (of. Table 41. This is in marked contrast to what is found
for the high-velocity stars with bný •= 0A45 for the quadrant f- 2250 - 3150.

For the group of high-velocity stars as a whol~e, the distribution has been found

to have m for 2080 and 330 (see (15)

In Table 4 there is a preponderance of negative U - values over positive.•

This may be due to a selection effect connected with the fact that the solar

motion tends to increase the proper motions of the stars with negative U, and

decrease those for stars with positive U. In fact, for a group of stars with

ages much larger than the orbital 1.eriod of oscillation in the distance from the

galactic center positive and negative U - values are expected to be present in

nearly equal numbers unless group motions as discussed by FWen ( (26), (27) and

(28) ) strongly influence the distribution. Because of the preponderance of

n-egative U - values, a =xidu around the direction L= 1900 is quite Tironounced.

The 61 Cygni, Epsilon Indi and Gama Leonis groups of high-velocity stars

discussed by Eggen are located in the areas of the U - V plane populated by the

12-
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stars in Table 4. Howevere, our sample of stars appears too small for a

discussion of the group phenomenon.

The distribution of the apparent magnitudes V of the stars in Table 4

strongly suggests that our sample of high-velocity stars with Am1 fCi 0e.023 is

very incomplete, particularly for the magnitude range e 5 - 8.. This should

be remedied when the program referred to above of photoelectric uyby photometry

of all 16 - G2 stars brighter than e.3 and between declinations -100 and +650

has been completed and space velocities and a ,i - values determined for these

stars.

For V - d.% the sample is presumably nearly complete. About one-half of

the high-velocity stars brighter than 6 belong to the group with em. 0•.23.

For the limit V•.•5 the fraction of high-velocity stars with A• mfC 0:l023 is

smaller, 23 per cent. The lack of completeness is presumably more pronounced

for the group with Am 1 j 0e023 than for the remainder of the high-velocity stars

since th}-' average space velocities are considerably smaller for the former group.

Comparing the number of stars in Table 4 with V e e.% to the total number of

stars in the photometric catalogue of 1217 stars brighter than ^ that are in

the b - y range 0.30 - O.'N and for which A a, + a cl. e- Oo we find that about

6per cent of the stars belong to the group of high-velocity stars with

Smfo.•o023. If we limit the ccmparison sample to stars with em1 C 0.023, then

tbie percentage Is close to 10.

The distribubion of the stars in Table 4 in the Hertzaprung-Russell diagram

shows that the ages range from a value close to that of the galactic cluster 167

to one that is considerably larger.

The question of t~he origin of the high-velocity stars has been studied by

a numaber of investigators. We refer here to the work of Schvarzschild (29),

Van Wijk (30) and Oort (31).
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The problem of the dynaaics of the disc high-velocity stars with

Am1 ' 0AO23 vill be considered. in a se1arete publication along lines suggested

by the york of Van Wijk. Using tables of galac'Ac orbits compztei by Contopoulos

and Stringren (32) I have found that the kinematicnl properties of the group

in question can be vell reprodu•ce• on the assmption the stars originated at

distances 32.5 - 13.5 kpc from the galactic center (assming the distance of the

sum from the center io be 10 kpc) and with original velocities in the galactic

Plane in the range 35-55 3w'*sec. Amng young stars such original velocities

are very rare, but amon stars in the age range of the category of stars

considered they are suffiiently frequent to mke this inttrpretation appear

plausible.

It is clear tha't the -euults of the prezent inestigAtion are scmevhat

uncertain becsa," of the relatively small size and incompleteness of the sample

of high-velocity stars studied. With regard to the disc high-velocity stars,

the picture that merges can be described as follows: Of the malin-sequeace

high-velocity arars - defined through the classittal definition that the space

velocity relative to the local centroid is larger than 63 km/sec - at least one-

quarter, and probably about one-half belong to a group charaeterized by 1. metal-

to-hydrogen ratios close to that in the solar atmosphere, 2. a tWI - value nearly

equal to tne ave.age value for the spectral class in question, 3. !.t dii.tribution

of V - ualues that is not far from the nomx. for the spectral class, and 4. a

lul - value which is about 3 times gremter than the wormal value corresponding

to the spectral class.

It is hoped that the mat.eAal of clamsificvtion indices and space nations

xtdtch will result fro the plaraed program of photoelectrit u~by photometry of

r- G2 st&.rs to the 1ixit wu8.5 vill be usaful in efforts to test and improve

toe picture derived in the preliminary investigation.

"•"" "• ••'' • • ' ''• •' :'•• • • "" ••'•-"' ' • • ''•-•- -' o.-. . . .. ••-•..•.•*. -•,- -l--, - . ,. ..-



Regarding the problem of the halo high-velocity stars, it should be '3

mentioned that the observation program just referred to vill yield an unbiosed

sample of main-sequence F8 - G2 stars vith A mi in the mage 0 .045 - O. 080

(cf. Table 3). PI the mmber of stars of this category vhich occur in the

pho tric catalogue of 1217 stars brighter than -5 it 's estimated that this

sample vill emontain about 300 stars, an adequate number for an analysis of the

kinematical properties of the group in question.

The author vishes to express kincere thanks to Dr. N. U. MIyall, Director

of the (itt Feak National Observatory, for the opp• tunity to use the KPWO

36-incb reflector for obtaining the observational mterial upon Vhich the

present discussion is based.
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